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Abstract 
In the product lifecycle, the packaging, as an object, has been on the back burner with respect to product and production systems design and 
some authors stated that its influence starts at the packing stage and ends when the customer obtains the product.  
Only a few years ago, its strategic role, protecting, containing and preserving the product, has been recognized, both in theory and in practice 
[1]. In this way, the packaging design has been focused in the accomplishment of some specific objectives, such as cost and space saving, 
material reduction, and quality problems avoidance. These approaches are object-related, but the design process is not considering that the 
packaging is also utilized to handle, transport, distribute, retail and promote the product. Therefore, even if mathematical solutions could be 
obtained for space optimization problems, these could not be relevant at industrial level since they are unfeasible throughout the packaging 
lifecycle, from either logistics or quality standpoints; and new restrictions should be considered. 
An approach proposed by Lee & Lye [2], called “Design for manual Packaging (DFPkg)”, is based on Design for the Environment (DFEnv) 
and Design for Assembly (DFA) guidelines, since the activities related with packaging could be considered as assembly activities seeing that 
all the packed pieces are part of a unique system. Nevertheless, some guidelines from DFA are omitted or decontextualized and they are not 
connected to restrictions in the mathematical models.  
This paper presents an integral approach for packaging design, complementing the guidelines proposed by Lee & Lye [2] in key contexts of the 
packaging lifecycle, in order to generate restrictions for an optimization model. Besides, this approach has been validated with a real industrial 
case study where the obtained solution is compared with the current one. 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the International Scientific Committee of “24th CIRP Design Conference” in the person of 
the Conference Chairs Giovanni Moroni and Tullio Tolio. 
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1. Introduction  
In the product lifecycle, the packaging, as an object, has 
been on the back burner with respect to product and 
production systems design and some authors stated that its 
influence starts at the packaging stage and ends when the 
customer obtains the product. 
Packaging should accomplish different purposes: 
containment, protection and preservation, identification and 
information display, market appeal and user convenience [2]. 
Without packaging, handling the core product and marketing 
it to the consumer would be difficult, inefficient and 
expensive [3]. 
The three major components of packaging cost are labour, 
equipment and material. In manual packaging, only labour 
and material costs are significant. The activities related to 
packaging are often perceived as a cost rather than a benefit, 
and they can have significant effects on system costs and 
performance. Many authors emphasize the importance of 
packaging in business strategy, and the role of packaging in 
industrial management continues to rise due to increased 
logistics costs, improved packaging technology and enhanced 
environmental regulation. Only in the past few years, its 
strategic role has been recognized both in theory and in 
practice [1]. 
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The relationship between packaging and logistics focuses 
on the synergies achieved by integrating packaging and 
logistics with the potential of increased supply chain 
efficiency and effectiveness [1]. As logistics is the last 
frontier for the in-factory productivity improvement, interest 
is now focused on improving product-packaging operations 
by minimizing the volume of material used and rationalizing 
the number and types of packaging operations [2].  
Numerous case studies presented in literature provide 
empirical evidence of the benefits gained by logistics and 
packaging design integration. However, most of the attention 
has been given to external logistic activities such as transport, 
container saturation, pallet consolidation, and so on. Most 
authors seem to ignore the fact that much inefficiency can be 
attributed to packaging design and to the lack of a conception 
of the packaging problem throughout its lifecycle.  
In this way, researches are oriented either to define the best 
distribution of products into the package or packaging 
optimization through mathematical models or to define 
guidelines for the packaging process. Anyway, no studies 
have been developed to integrate both research topics. 
Packaging optimization is often related with cutting 
process, since their conceptualization is equivalent, and they 
are defined as Cutting and Packaging problems or Nesting 
problems [3]. These are classified according to the 
dimensionality (2D or 3D) or to the shape of the object to be 
packed (regular or irregular) [4]. 
Despite the prevalence of the packaging operations in 
industry, and the relationship with packaging and logistics, 
little research has focused on ways to improve their 
efficiencies. Lee & Lye proposed a methodology called 
“Design for manual Packaging (DFPkg)”, that is based on 
Design for the Environment (DFEnv) and Design for 
Assembly (DFA) guidelines [2]. This methodology is an 
integrated approach to the solution of packaging problems; 
nevertheless, some guidelines from DFA are omitted or 
decontextualized and they are not connected to restrictions in 
the mathematical models.  
This paper presents an approach to facilitate packaging 
design, seeking to minimize time spent in packaging volume 
optimization, and maximize time spent in packaging design, 
through adaptation of DFA guidelines and their consideration 
as restrictions for an optimization algorithm analysis. This 
involves real packaging conditions related to functionality and 
context, and it would encourage the use of this kind of 
approaches into the industrial field. 
This approach focuses on manual packaging and on 
transport packaging, industrial packaging or distribution 
packaging, according to the classification of packaging types 
proposed by Jönson [5]. Besides, only insertion activities are 
considered, that is the packaging is folded and ready to 
contain the product. 
Next, the state of the art about optimization algorithms and 
guidelines for packaging design is presented. Chapter 3 
presents the identification of packaging design guidelines 
from DFA. Chapter 4 summarises the features of the 
optimization algorithm with restrictions based on packaging 
design guidelines. Chapter 5 presents the proposed approach 
where packaging design guidelines and optimization 
algorithm are integrated. Finally, a case study about a 
packaging problem of a dishware shows the results obtained 
with the proposed approach. 
2. State of the art 
The literature research has been focused on two main 
topics, packaging design guidelines and optimization 
packaging problem. This was limited to academic journals 
indexed in SCOPUS and Engineering Village databases. The 
search box was from January of 1990 to March of 2013. 
2.1. Packaging design guidelines 
In this topic, 115 articles were classified in four categories:  
marketing, sustainable design, design for easy packaging and 
others. The last category is related to design of machinery for 
packaging [6] and packages for electronic and pharmaceutical 
products, which are focused in materials, ensure tightness, and 
so on [7]. 
Most of the articles are focused on marketing [8], and 
sustainable design [9, 10], but none of these objectives is 
related to the different functionalities of the packaging and 
only some dimensional restrictions for optimization 
algorithms are related to possible design guidelines. 
Nevertheless, Lee & Lye [2] present a research that 
provides both characteristics for a generic packaging line and 
guidelines for design for easy packaging. Their methodology 
is called “Design for manual packaging-DFPkg” and in 
addition to propose some guidelines using elements of design 
for the environment (DFEnv) and design for assembly (DFA), 
they establish an index to compare the effectiveness of 
different packaging operations [2].  
Guidelines based on DFA, include aspects like symmetry 
of the packaging and the pieces to be packed, minimization of 
mistakes likelihood, make the less movements to locate the 
parts, and avoid that the pieces damage the packaging [2]. 
Anyway, there are some omitted guidelines proposed by other 
authors, that could complement the DFPkg guidelines 
proposed by Lee & Lye [2]. 
2.2. Optimization packaging problem 
In this topic, 831 articles were identified and 85 were 
classified depending on the dimensional representation (2D or 
3D) and the shape of the items (regular or irregular) [4]. 
Packaging optimization is often related with cutting 
process, since their conceptualization is equivalent, and they 
are defined as Cutting and Packaging problems. Two main 
categories were identified depending on both the shape of the 
items and the container; nesting and bin packaging problems. 
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 In nesting problems, more than one item of irregular shape 
must be placed with the other items without overlapping in 
order to optimize an objective [3, 11]. Irregular shapes are 
defined as simple polygons, and in some cases, polygons that 
may contain holes. 2D solutions are focused on sheet metal 
cutting, furniture making, shoe manufacturing [4] and 3D 
solutions are focused on rapid prototyping, 3D cutting and 
packaging optimization. 
In the other hand, bin packaging problem, handles the 
packaging of a finite set of rectangular items, into the 
minimum number of identical rectangles, called bins, 
containers or sheets, with the requirement that the items are 
packed without overlapping. 2D solutions applications arise in 
glass, wood, paper and textile industries and 3D solutions in 
foam cutting for furniture and pallet and container 
optimization [12]. 
In literature, different approaches to solve both problems 
can be found. But it should be highlighted that it is necessary 
to have a suitable geometric representation [4], being this the 
first stage of the conceptualization of Cutting and Packaging 
problems, followed by either sorting or location of the items 
and finalising with the optimization. 
Some guidelines related to the dimension of the items are 
considered to generate initial solutions of the algorithms, e.g. 
arrange the pieces by decreasing width, length or area [13]. In 
this order, the piece with the largest area will be placed on the 
first place, and so, till the smallest piece is located [14]. 
Anyway, in this kind of approaches there are not restrictions 
or guidelines related to the easy of packaging thinking on the 
different functionalities or activities during its lifecycle. 
3. Identification of packaging design guidelines in DFA 
Even if some different approaches for design or 
optimization of packaging have been identified, the lifecycle 
of the packaging is not often considered during these 
processes. In this way, packaging design guidelines derived 
from DFA and related with the packaging lifecycle have been 
translated as restrictions or inputs for a packaging 
optimization algorithm, in order to guarantee that the final 
solution could be feasible in packing, transportation and 
unpacking contexts. 
DFA guidelines seek to guide the design process to 
facilitate, optimize and guarantee the assembly reliability, and 
emerge to facilitate the rationalization of assembly processes, 
which comprises an improvement in the effectiveness of 
assembly, the quality of the product and the assembly 
system´s environment [15].  
Guidelines proposed by Lee & Lye [2], were considered as 
restrictions for the algorithm. Anyway, there are still other 
DFA guidelines proposed by Boothroyd et.al. [11], Pahl & 
Beitz et.al [16] and Andreassen et.al [15] able to guide the 
design for easy packing and unpacking and to be translated in 
restrictions. 
In order to consolidate the information and facilitate the 
process of creating new analogies for packaging design, all 
the packaging-assembly activities were classified in handling, 
positioning (align, insert) and fastening. 
All this work has been summarized in a table where each 
DFA guideline is interpreted and a graphical example 
evidences the analogy. Table 1 presents an example of the 
configuration and classification of the full table. 
4. Optimization algorithm with restrictions based on 
packaging design guidelines 
Considering the objective of the optimization algorithm, 
minimize the volume and material consumption, only the 
following guidelines related to handling and positioning were 
used as constraints, which contribute to the reduction of the 
complexity of the location of the parts and thus, the packing 
and unpacking time. 
The main features of the algorithm involve: 
x The inputs are the VRML (Virtual Reality Modeling 
Language) files with the points and the connections that 
compose each part and the density of the materials to 
calculate the weight to define the packaging sequence. 
x The parts are located by layers in the z-axis, so, in the 
methodology, the design of packaging protection pieces is 
included for avoiding the movement of the parts. 
Table 1. Example of DFA analogies  
C
la
ss
. DFA guidelines 
Analogy for DFPKg Boothroyd, G et. al. [11] Pahl, G., Beitz, W., et. Al. [16] Andreassen, 
M.et. al. [15] 
H
an
dl
in
g 
Avoid parts that stick together or 
are slippery, delicate, flexible, 
very small or very large or that 
are hazardous to the handler (i.e 
parts that are sharp) 
Prefer interface elements that 
have a stable position 
 The design of the container should be in a rigid and 
non-slip material, its shape must remain without having 
to hold it. 
Po
si
tio
ni
ng
  Avoid joining movements in 
multiple axis in particular curves.  
Prefer translational joining 
movements 
Choose a simple 
movement path 
Minimize the re-orientation during packaging. Orientate 
the packaging material in the same direction as required 
by the packaging operation (Lee & Lye, 2003). 
Fa
st
en
in
g  Prefer self-locking connection 
elements, e.g. through elastic-
plastic deformation 
 If protections elements are going to be used, those must 
self-adjusting to the parts, and do not need additional 
operations to be adjusted. 
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x Each part is represented through its convex hull, in order to 
calculate the location of the geometric center and to 
determine its stability. The part is stable if its geometric 
center lies in the projected base. 
x Although the package is in 3D, each layer is packaged in 
2D using the bounding box of the parts to facilitate 
programming and parts representation. It does not 
influence the result because rotations around x and y-axis 
are not allowed. 
 
5. Proposed Packaging Design Approach 
Identified guidelines and the optimization algorithm are 
integrated in a methodology for packaging design with six 
stages. It starts with the acquisition of the parts, followed by 
the use of the algorithm based on the design for assembly 
guidelines, design of packaging and protection elements and, 
finally, the validation of the packaging design or redesign in 
the contexts of packing, unpacking and transportation. In 
addition, the material consumption is calculated. The whole 
packaging design approach is presented in Figure 1. 
 
6. Case study 
6.1. Case study selection 
A dinnerware, presented in Figure 2, was the selected 
product since it allows the validation of the algorithm 
restrictions: pieces packaged by layers with protection 
elements between them.  
The whole product is packed in a corrugated box, and each 
kind of ware is grouped and separated by paper layers to 
avoid damage. Additionally, three protection elements are 
used to fill empty spaces inside the box. 
 
 
Table 2. Guidelines used in the algorithm 
Packaging design guidelines Algorithm constraints 
The container or package is 
going to have symmetry around 
the 3 axis. It shall be of a non-
slippery and stiff material. Its 
shape remains without holding it 
The package is going to be a cuboid 
It is supposed that the parts are 
convex to avoid tangling 
The parts representation shall be its 
convex hull 
Parts are going to be packed 
according to its geometric center 
to avoid the need to hold them 
while the other parts are packed 
The software will determine if the 
part is on its steady position 
Rotation around x-y axis are -not 
allowed to preserve the steady 
position of the parts.  
Movements are allowed around x-y-
z axis. Rotations are allowed only 
around z-axis 
The heaviest parts are going to be 
located on the first layers to 
avoid damage in the other parts 
The algorithm shall calculate the 
weight using the density of the parts 
and determine a packaging sequence 
 
Figure 1: Packaging design approach 
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Figure 2. Dinnerware (a) 1 Corrugated box (b) 4 Soup bowl (c) 4 Mugs (d) 
Charger plate (e) Dinner plate (f) Dessert plate 
6.2. Development 
The analysis started with the development of the 3D 
models for each part of the dinnerware set. Then, equal parts 
were grouped to save space, because the algorithm assumes 
that the items are convex and it is not possible to stack or put 
a part into another. Each set is saved as a VRML file, in two 
different configurations, with a different package orientation 
(putting the layers one next to the other, not above). In this 
way, two different solutions are obtained. 
The algorithm was codified in Matlab® and the VRML 
files for each configuration were associated. Then, the 
application run and the best solution was presented based on 
the minimum calculated storage volume. Both optimized 
solutions of the algorithm are presented in Figure 3. 
For the first group of VRML files, the first option obtained 
a storage volume of 16.502cm3. Based on this result, the 
packaging design process started, first, centring the parts in 
the middle of the layer to prevent damage, then, designing the 
protective elements to separate the layers and prevent 
movement. Finally, the final volume was calculated, and it 
was 17583cm3 including the corrugated box thickness and 
protective elements dimensions. 
The second option calculated by the algorithm was a 3-
layered packaging with a volume of 15.311cm3, and a final 
volume including the thickness and protective elements of 
16576cm3. 
6.3. Results 
According to the volume calculation, the second option is 
the best solution, but, considering the packaging as a system, 
three key contexts, packing, transportation and storage space 
Table 3. Results of the case study for current solution and two optimized solutions of the proposed approach. 
 
Figure 3. Options of package configuration calculated by the algorithm 
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and unpacking; were evaluated to determine the real best 
solution. Also, material consumption was evaluated, as it 
represents not only a cost, but an environmental impact. 
For the transportation context, the quantity of boxes that 
could be packaged in a 20 feet container was calculated. For 
the material consumption, the area of the required material for 
the box and protection elements was determined and finally, 
for the packing and unpacking time, a test was made with 
three people without experience in the packaging activity. 
For the current packaging, a replica was created in order to 
avoid its identification and to ensure the reliability of the test. 
Table 3 presents the results in the three contexts for the 
current and the proposed solutions. The best solution for each 
criterion is highlighted. 
According to the analysis of the whole results, the second 
option is the best solution. It has an increase of 4,45% in the 
material consumption related to the first option, but it is 21% 
less than in the current packaging, and it also has the lower 
volume of the three packages, which represents a better use of 
transportation storage space equivalent to 8,85% more boxes 
in a  container, than the current solution. Finally, the 
packaging time is reduced 43,1%, which means a cost and an 
environmental impact reduction. 
Costs were calculated for the material, transportation and 
labour (packaging time) assuming a production of 50.000 
units per year. Saving will be 17.449 USD with respect to the 
current solution, 3.400 USD in transportation, 13070 USD in 
material consumption and 980 USD in labour costs. 
Furthermore, 15.610m2 less corrugated cardboards are 
required, meaning an environmental impact reduction. 
7. Conclusions 
The literature review allowed finding some of the 
optimization methods applied to packaging problem, where 
some restriction were found, but only focused on the 
generation of initial solutions of the algorithms. In the other 
hand, in packaging design only one article related with 
packaging design guidelines, based on DFA analogies, was 
found. Anyway, approaches relating guidelines with 
algorithms have not been found. 
New guidelines for packaging design were applied as 
restrictions in a packaging optimization algorithm. It 
represents an advantage since parts stability, location and 
weight were considered and this assures packaging viability.  
The hypothesis that having a methodology including a 
packaging optimization algorithm based on those restrictions 
would have savings in packing and unpacking time and 
transportation storage space, has been validated by developing 
the case study. The improvements obtained, could be carried 
out because the problems of parts location and volume 
optimization were solved by an optimization algorithm, 
therefore, time spent in the packaging design increased.  
Packaging optimization, design or redesign, should not be 
evaluated as a withdrawn case. Packaging is part of a chain, 
therefore, storage space, material consumption, packing and 
unpacking (if applies) time should be considered when 
evaluating the results. 
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